Objectives: During the first rehabilitation of patients with traumatic spinal cord injuries (SCIs), professional skills are learned, which can be objectified in an independent measurement score. The aims of this study were to record the skills of patients 12 and 48 weeks after acute trauma and perform an analysis of the data to identify provisions of importance. Methods: All patients from 2004 to 2009 who experienced traumatic SCI were included in this investigation. Data recording were accomplished by the European Multi-centre Study about Spinal Cord Injury (EMSCI) databank. Patients were divided into tetraplegia and paraplegia groups. Parameters were age at injury, the American Spinal Injury Association-Score, level of lesion and Spinal Cord Independence Measure (SCIM-Score) 12 and 48 weeks after traumatic spinal cord lesion. A questionnaire was also added to help clarify where deficiencies were prevalent. Results: Data analysis of 103 tetraplegic and 110 paraplegic patients showed no correlation between the ASIA score, level of lesion, age and SCIM score. On average, tetraplegic patients had a SCIM score of 43 points 12 weeks after treatment, with 81% showing an increase to 58 points after 48 weeks. Paraplegic patients showed an average SCIM score of 60 points after 12 weeks, with 71% experiencing an increase to 71 points after 48 weeks. In all, 9% of tetraplegic patients and 19% of paraplegic patients experienced a decrease of SCIM points after 48 weeks, which occurred mainly in the bladder and intestinal control subgroups. Results of the questionnaire were not helpful for clarifying the location of the deficiencies. Conclusion: Most of the patients experienced an increase of SCIM points 48 weeks after traumatic SCI. However, data also showed that, especially in paraplegic patients, special attention must be given to bladder and intestinal management to avoid negative lateterm consequences.
INTRODUCTION
Rating scales have become a customary measure in rehabilitative medicine for functional outcome of patients with disabilities. For patients with spinal cord injury (SCI), four scales are often used: the Modified Barthel Index (MBI), 1 the Functional Independence Measure, 2 the Quadriplegia index of Function 3 and the Spinal Cord Independence Measure (SCIM). 4 The SCIM score was developed in response to the doubt raised by several authors about the previous scales. 3, 5 This method was developed to assess the functional outcome of patients with SCIs, regardless of para-or tetraplegic condition. The SCIM questionnaire includes the following areas of function: self-care, respiration and sphincter management, and mobility. The scores are weighted in proportion to the estimated importance of the function. For example, respiration and sphincter management offer higher scores than self-care and mobility.
Because of the shortened length of inpatient rehabilitation, the need for applicable provision and training before and after discharge increases. Ackerman et al. 6 performed an investigation of the postacute period of patients with SCIs. By using the SCIM-III scoring system to evaluate tetraplegic patients after discharge, an overall increase of scores in all subgroups was reported. However, for paraplegic patients he only found minimal changes in the postdischarge mobility, respiration and sphincter management subscales. The time of discharge is still problematic, because of more than 50%of the urological problems are reported. 7 In a different study, it is reported that after discharge of SCI patients from rehab the SCIM still improves. 8 In our department for SCI, it became evident that some patients were getting worse in their functional outcome after discharge. Therefore, we performed this investigation to quantify the number of patients who exhibited a decrease in independence and identify the SCIM subcategory in which the loss of function occurred, in order to provide points of focus for training and provision.
METHODS
This study was designed retrospectively, case controlled. Patients who experienced traumatic SCI from 2004 to 2009 were included into this study. There were 103 tetraplegic and 110 paraplegic patients included in this investigation with an average age of 41 years (range: 13-77 years) in the paraplegic group and 48 years (range: 14-82 years). Exclusion criteria were non-traumatic spinal cord lesions, concomitant brain injuries or mental disorders. Patients were divided into either the paraplegia or tetraplegia group. Age, level of lesion, American Spinal Injury Association-Score (AIS level) and SCIM at 12 (date of discharge: ±2 weeks) and 48 weeks after SCI were assessed. All patients underwent a rehab program of physiotherapy two or three times a week until the 48th week. Along the rehab program patients were treated with passive movement of the plegic limb to avoid contractures of the joints as well as sportive activities, such as basketball, swimming, tennis, archery, cycling or rugby as well as barbell training. They were also treated with standing exercises for circulation training.
AIS level and SCIM score are routinely recorded in our hospital at five times along the first 400 days after trauma according to the European Multi-centre Study about Spinal Cord Injury (EMSCI) protocol. All recorded parameters were put in relationship to each other. All SCIM sub-items were apportioned so that increases and decreases in each sub-item could be defined and analyzed. The main sub-items were self-care, respiration and sphincter management, mobility (room-toilet), as well as indoor and outdoor mobility. In addition, we designed a questionnaire that was sent to the patients who experienced a decrease in functional outcome after the 48th week. The questionnaire consisted of seven questions, including: how often the patient was in hospital since first treatment, if ingestion was independent or with the assistance of nursing service/relatives, if personal hygiene was carried out independently, and if dressing/undressing was performed independently. Furthermore, patients were asked to comment on micturition, defecation and concomitant complications as well as subjective limitations in independency. All patients were clinically and radiologically examined according to our clinic protocol 1 year after SCI.
Statistical analysis was performed by the correlation coefficient of Spearman and a Student's t-test using the SPSS statistical analysis program.
RESULTS

SCIM
After 12 weeks tetraplegic patients showed an average score of 43/100 points. The average score after 48 weeks was 58/100. An increase in SCIM score was noticed in 81% of patients, with a mean increase of 10 points. Alternatively, 9% of patients experienced a decrease in SCIM score, with a mean of 6 points ( Figure 1 ), and 10% remained at the same independence level after 48 weeks. The main affected subgroup concerned bladder and sphincter problems, whereas no problems in respiration and transfer mobility were reported. Increase and decrease of SCIM points were found to be significant for those tetraplegic patients who were affected (increase: P¼0.032; decrease: P¼0.045).
Paraplegic patients showed an average score of 60/100 points after 12 weeks and a score of 71/100 points after 48 weeks. An increase in SCIM score was detected in 71% of patients, with a mean of 11 points with a significance of P¼0.03, whereas 19% of patients experienced a decrease, with a mean of 3 points (P¼0.2; Figure 2 ). As with the tetraplegic group, 10% of the patients showed the same score after 12 and 48 weeks. In addition, the most points were also lost in the bladder and sphincter sub-item ( Figure 3 ).
AIS level
In tetraplegic patients, complete tetraplegia was identified in 25 cases, whereas an AIS D score was detected in 53 cases after 12 weeks. A trend toward an improvement of neurological function was also evident in the AIS level ( Figure 4 ). No correlation between AIS level and SCIM changes was found (R: À0.098).
In patients with paraplegia, we found the largest peak 12 weeks after SCI in the AIS A patients (n¼55) and again another peak in AIS D (n¼33) patients. Similar to the tetraplegic patients, we noticed a shifting toward more neurological function after 48 weeks ( Figure 5 ; AIS A: 52; AIS D:35). There was no correlation between AIS classification and changes in the SCIM (R: À0.076).
Level of lesion
For tetraplegic patients, a deviation similar to former investigations, with a peak at segment C6 (n¼31), was found. No patient suffered of a lesion at C0 or C1. No correlation between level of lesion and SCIM outcome was found (R: 0.004).
Also found in the paraglegic group was a widely reported deviation of paraplegia with two peaks in the upper thoracic segments T3/4 (n¼18) and the thoraco-lumbar intersection at T12/L1 (n¼29). As with the other parameters, there also was no correlation between level of lesion and increase or decrease of SCIM score in paraplegic patients (R: 0.044). Functional outcome after acute traumatic tetra-and paraplegia F Högel et al
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Age
The average age of tetraplegic patients was 49 years. According to SCIM results, the average age to experience a decrease in independence was 55 years, whereas those who showed an increase in independence were 48 years old on average. Statistical analysis revealed no statistical significance between these two variables (level of significance: Po0.05). Furthermore, no correlation between age and decrease of independency (R: À0.035) was evident. Paraplegic patients had an average age of 41 years. Patients who experienced a decrease in independence were 46 years old, whereas those who experienced an increase in independency were 45 years old. In paraplegic patients, there was no significant deference when comparing age to change in outcome points (level of significance: Po0.05). There was also no correlation between age and increase/ decrease of independence scores (R: À0.234).
Questionnaire
The questionnaire was returned by 66% (n¼6) of the patients in the tetraplegia group and 45% (n¼9) in the paraplegic group. In the tetraplegic group, one patient was not hospitalized after acute treatment. The rest had been hospitalized either once or twice.
In the tetraplegic group, four of six patients were fed by relatives and nursing services. Two patients were able to eat on their own. Personal hygiene was carried out for all patients by relatives and nursing services, as was dressing. Except for one patient, who performed intermittent self-catheterism, all patients had a constant bladder drain by suprapubic or transurethral catheter. All bladder management was done by relatives and nursing services. Two patients suffered of recurring urinary tract infections. Answers to the intestinal management section indicated that while one patient was able to perform defecation independently, all other patients required assistance from relatives and nursing services. All patients needed assistance by suppositories or oral medication. Most subjective limitations mentioned were in regards to mobility, weakness of the upper limb (n¼4) and spasticity (n¼2).
Similar to the tetraplegic group, there was one patient in the paraplegic group that was not hospitalized after first treatment, whereas all other patients were hospitalized once or twice. All patients were able to ingest independently. Personal hygiene as well as dressing on and off was carried out independently by four patients. The others needed help by relatives or nursing services. Urination was carried out with intermittent self-catheterism by five patients, whereas one patient was able to urinate spontaneously and three patients were provided a suprapubic catheter. Spontaneous micturition and intermittent self-catheterism were carried out independently by the patients, whereas the maintenance of suprapubic catheters was performed by relatives and nursing services. Complications regarding urinary tract infections, catheter-technique and injuries to the urethra occurred in four cases. Five patients were able to perform defecation on their own, whereas three needed help from relatives and one from nursing services. All patients needed assistance by suppositories or oral medication. Five patients carried out digital draining of feces. Subjective limitations in mobility and independence were widespread, including spasticity, weakness of the extremities, inappropriate aids, back pain and seasonal pain. No correlation between the type of care and loss of points in the scoring system was found.
DISCUSSION
Results from this investigation showed that, contrary to our assumption, the majority of tetraplegic and paraplegic patients have a significant increase in independency from the SCIM score after discharge from hospital. Correlations between age, level and extent of lesion measured by the AIS protocol, could not be detected. Even a special questionnaire did not reveal any correlations between decrease of independence and type of provision after discharge.
An explanation for this is the low percentage of patients that become worse in functional outcome after 48 weeks of SCI. The SCIM after 48 weeks showed that most points were lost in the subgroup of sphincter management in tetraplegic (4.5 points) and paraplegic (4 points) patients. Comparing the findings of the present study to the results of Ackerman 6 is astonishing; our patients showed an increase of independency in 81% of the tetraplegia and 71% of paraplegia group, while Ackerman reported a significantly lower increase of SCIM points in all sub-items for tetraplegic patients. However, results for respiration were similar to that in present study. However, results for respiration were similar to the present study. Ackerman reported no changes in functional outcome regarding respiration in patients with tetraplegia using the SCIM-III. 6 For patients with a niveau of palsy lower than C6, an increase in the SCIM seemed to be clinically relevant, which seems to be consistent with our results.
In the present study, no correlations were found between extent of palsy (AIS) and SCIM. In an investigation by Curt et al. 9 12 weeks 48 weeks Figure 5 After 48 weeks a shifting to less extent of palsy was noticed in paraplegic patients.
Functional outcome after acute traumatic tetra-and paraplegia F Högel et al scores, it cannot be compared with the changes noticed during the time period between the 12th and 48th week after SCI. As the current results showed, it is expected that patients with AIS A level can have a significant increase in independency. All in all, we have found progress in AIS scoring after discharge, which can be led back on the rehab program after discharge. The intensive sports program may lead to a recovery of nerve tracts. This was assumed and examined by a study of Gonzenbach et al. 10 They found less motoric malfunction after locomotor training in rats treated with Anti-Nogo-A antibodies. In another animal study, it was shown that motoneurons recovered after locomotor training. 11 Regarding the SCIM score it is known that locomotor training leads to an increase in SCIM points, especially in the mobility section. 12 This was also shown in the present study.
In the present investigation, no correlations between height of palsy and SCIM changes were found. As demonstrated in the results, tetraplegic patients had a lower SCIM score after 12 weeks than paraplegic patients. However, it can also be shown that tetraplegic patients have a great capacity to gain higher score levels after 48 weeks. Patients with paraplegia reached a mean score level of 69 points after 12 weeks that rose up to 71 points after 48 weeks. In a study by Thietje et al., 13 comparable values were report after 12 weeks with rehabilitation, whereas the time of discharge was not well defined. However, Thietje et al. did not differ between tetraplegic and paraplegia in the outcome scores. Ackerman et al. 6 showed similar results compared with the present investigation, reporting that tetraplegic patients experienced a mean increase in the outcome-score by 6.3 points, whereas patients with paraplegia experienced a mean increase of 5.75 points. A multicenter study of Fromovich-Amit et al. 14 showed that the beginning and length of rehabilitation is important for the outcome of SCI patients. It was shown that patients with a moderately delayed rehabilitation needed a longer rehabilitation than those with a shorter period until rehabilitation. It also was shown that unit-specific properties influenced the outcome. Like in patients in Israel, who showed the highest gain in rehabilitation in this multicenter study, our patients are transferred to rehab as early as possible. We start our rehabilitation program while the patient is still on the intensive care unit with mobilization and training of circulation. This early start of rehabilitation may be the reason why our results in the SCIM score is even higher than the high score in the investigation of FromovichAmit et al.
No correlations between age and SCIM score 48 weeks after SCI were found in the current study. The age pattern showed a Gaussian distribution for tetraplegic and paraplegic patients. Patients with a decrease in the SCIM seemed to be older than those that experienced an increase, with an increase or consistent outcome level. However, there was no significant difference between these parameters. Contrary to this, the study of Thietje et al. 13 showed that age, sex and social isolation have no influence on the outcome regarding functional status. They found the results of functional status mainly influenced by the self-management attitude, next to the type of spinal injury.
Based on questionnaire results, no definitive predication could be made regarding reasons for a decrease in functional outcome. This can be explained by the low number of patients with a decrease of SCIM points and the different provision strategies. However, as most patients mentioned, there were often problems concerning the urinary tract and independent defecation. Nonetheless, the patients did not see this as a main problem subjectively. The main issues that patients complained of in this section were weakness and spasticity, whereas problems of the urinary tract or defecation were not even mentioned.
There are some weaknesses to this study. First, the small number of questionnaires returned from the paraplegic group made statistical evaluation impossible. Another limitation may be the different level of lesion in the tetraplegic group. For example, there is a large difference in outcomes between palsies at segments C4 and C7. This may bring some inhomogeneity to the tetraplegic patient population. Another weakness is that the questionnaire was not validated and not similar to other questionnaires.
In conclusion, the results of the present study indicated that the majority of the patients fortunately experienced an increase in functional outcome. Nevertheless, there are problems to solve regarding urinary tract problems and defecation, as most points of functional outcome were lost in this sub-item of the SCIM. However, based on the findings of the present research, it cannot be said which provision should be preferred.
DATA ARCHIVING There were no data to deposit.
